Background/Aim. Preterm birth and retinopathy of prematurity (ROP) could affect optical and biometric features of eyes and cause refractive errors. The aim of this study was to compare the ocular axial length, anterior chamber depth and lens thickness changes during the first year in preterm born babies with and without ROP. Methods. This prospective longitudinal study included 87 preterm born babies. The examinations were performed at 3 and 12 months after birth and included fundus examination and measurements of the ocular axial length, anterior chamber depth and lens thickness. Based on the results of fundus examination at 3 months, the subjects were divided into two groups and the measurements of those with and without ROP were compared. Results. At 3 months 60.92% of infants had ROP. The mean values in the ROP group were: axial length 16.56 mm and 16.53 mm, chamber depth 2.34 mm and 2.38 mm and lens thickness 4.04 mm and 3.96 mm, in the right and the left eye, respectively. In the no ROP group these values were: axial length 17.06 mm and 17.08 mm, chamber depth 2.31mm and 2.39 mm and lens thickness 4.16 mm and 4.14 mm in the right and the left eye, respectively. At 12 months 28.74% of the children had a change in the ocular fundus as a result of the ROP therapy. In the ROP group the axial length was 19.94 mm in both eyes, chamber depth 3.01 mm and 2.99 mm and lens thickness 4.28 mm and 4.29 mm, in the right and the left eye, respectively. In the no ROP group the axial length was 20.64 mm and 20.29 mm, lens thickness 4.37 mm and 4.36 mm, in the right and the left eye, respectively and chamber depth 3.10 mm in both eyes. Conclusion. In the group of children with ROP axial length of the eye at 3 and 12 months was statistically significantly smaller in comparison to the group without ROP. Statistically significant difference was not found between these groups in the anterior chamber depth and lens thickness.
Introduction
The number of infants born prematurely (that is before 37 weeks of gestation), which survive the neonatal and perinatal period is currently increasing. The focus of medical care is therefore shifted to long-term functional results of all organ systems 1 . Vision is a complex and highly functional set of processes at the levels of the retina and nervous system 2 . The impressions that an infant receives through the sense of sight are highly important for its normal psychological and cognitive development 3 . Potential consequences of premature delivery for visual, motor and cognitive functions are numerous 3 . There are many causes for visual impairment, but they mainly occur as a consequence of the immaturity of the central nervous system and not of localized damage to the eye or cerebral cortex 1 . Retinopathy of prematurity (ROP) is a vasoproliferative disorder of the retina in prematurely born infants 4 , which is the most common cause of preventable blindness in children. Preterm birth is also characterized by a higher incidence of strabismus, refractive disorders, nystagmus, glaucoma, optic nerve hypoplasia, eye movement disorders and reading disorders 1 . ROP develops in two distinct phases 2, 5, 6 and according to the International Classification, the severity of the disease is described in five stages, the localization of the process with three zones and the circumferential extent of the disease is based on the clock hours (from 1 to 12), where the extent of five hours is regarded as the critical value 7 . Generally, stage 1 is defined by the presence of the so-called demarcation line, stage 2 by the presence of the so-called ridge, stage 3 by extraretinal fibrovascular proliferation. Stages 4 and 5 are severe conditions, the former of which is characterized by sub-total retinal detachment and the latter by total retinal detachment 7 . The zones are defined according to the posterior position of the process, so that the severity of the disease decreases from zone I to zone III 5, 7 . Screening of prematurely born infants is performed in order to identify cases with a high risk of permanent visual loss due to ROP, which in turn could be decreased by adequate and timely intervention 8, 9 . The criteria for screening infants in our country, following the recommendation of the American Academy of Pediatrics, are the birth weight 2,000 grams or less and gestational age 36 weeks or less, with the postnatal application of oxygen. The presence of additional risk factors during the development of the child points to the need of screening regardless of the criteria mentioned 5, 7 . The first examination should be performed 4 to 6 weeks after birth 5, 8 or between gestational weeks 31 and 33 8, 10 . After that, the second examination is performed after a week or two, depending on the local findings 8 . The screening takes place until blood vessels reach zone III in infants without ROP in the zones I and II 8, 11, 12 , or to the completed vascularization of the ora serrata after intravitreal application of anti-vascular endothelial growth factor or until week 50 postmenstrually for children with prior milder ROP forms or until ROP recedes 12 . A repeated ophthalmological examination of prematurely born babies at 12 months is of crucial importance, regardless of the presence of ROP, in order to identify amblyogenic factors such as strabismus or refractive disorders 11, 13 . Premature birth, i.e. gestational age, birth weight, retinopathy and the development of refractive disorders are closely related 14 . These characteristics indirectly affect refraction, by influencing the optical characteristics of the eye 15 . Refractive disorders occur when the ocular axial length does not correspond to the focal plane, created by the cornea, lens and anterior chamber 16 . The process of balancing out the strength of the refractive power of the optical system and the ocular axial length is called emmetropization 17 and it generally occurs between month 3 and 12 after birth. This process is different in full-term and preterm infants and the differences are noticeable depending on the presence of the retina disorder 15 . The changes in the refractive power of the cornea and lens show a negative correlation with the axial growth of the eye 18 . At the age of one, 6.66% of prematurely born children with ROP at the earliest age and 3.75% of those without ROP have a refractive error 19 . The main causes of the high incidence of myopia, in general, are the greater axial length 20, 21 , shallower anterior chamber and the greater thickness of the ocular lens 21 . However, prematurity, lower gestational age and birth weight are characterized by a more convex cornea, shallower anterior chamber, thicker lens, but also, a smaller axial length, compared to the values which might be expected from the dioptric value of the eye 14, 19, 22, 23 . The early effect of growth restriction within retinopathy is later followed by irregularities in the growth of the eye posterior segment 23 , so that in preterm infants there is no direct correlation between the ocular axial length and its refractive status. Proportions of the eye are not later fully compensated for by the growth of the eye and visual experience 14, 22 . In this study is shown how the ocular axial length, anterior chamber depth and lens thickness were changing during the first year of life in preterm born babies with and without ROP.
Methods
The research was conducted as a prospective, longitudinal study at the Clinic for Eye Diseases of the Clinical Center of Vojvodina during the period of 5 years, from 2005 till 2010. The study was approved by the Clinical Centre of Vojvodina Ethics Committee. The parents of the participating babies provided their informed consent, after being provided written and verbal information about the study. The study enrolled 87 preterm infants (174 eyes), divided into the two groups according to the presence of ROP. Two examinations were performed, at 3 and 12 months of age.
The study included preterm born babies whose birth weight was 2000 grams or lower and gestational age 36 weeks or lower, who received oxygen, as well as infants satisfying these criteria, but with other risk factors that might affect the development of the retinal vasculature, such as: diseases of the respiratory tract, brain hemorrhage, sepsis, anaemia, enterocolitis, blood transfusion, non-physiological values of partial pressure of oxygen and carbon dioxide, acidosis, phototherapy and multiple pregnancies. The preterm in-fants with risks were selected by neonatologists. Infants that developed severe forms of retinopathy (stages IV and V) were excluded from the study, since the biometrical data and the refractive status that would have been acquired in those cases would bear no relevance for this research.
For the collection of necessary data, an original questionnaire was used. The research was conducted according to the preset methodological plan with precisely defined criteria. It included: the scrutiny of medical documentation, i.e. the discharge note from the Institute for Child and Youth Health Care of Vojvodina, biometric measurements, including the measurements of the ocular axial length, anterior chamber depth and lens thickness of both eyes, as well as the bilateral fundus examination in mydriasis and with indentation at the two respective ages. The values were taken for each eye separately in order to record differences in values for each eye, taking into account the higher incidence of anisometropia in preterm population.
Medical records provided the basic personal data, the data on the values of birth weight, gestation age and the presence of risk factors.
Biometric measurements were performed after the application of the local anesthetic Tetracaine hydrochloride ® 0.5% eye drops, three times at 5 minutes intervals. The ocular axial length, anterior chamber depth and the thickness of the lens were measured by the ultrasonographic A-method using the Sonomed Inc, USA, A-2500 ultrasound machine, with the transducer frequency of 10 MHz. The values were taken three times for all the parameters and the mean value was calculated. The measurements were expressed in millimeters.
The examination of the ocular fundus was performed through dilated pupils. The maximal mydriasis was provided by the application of Phenylephrine hydrochloride ® 2.5% eye drops or Cyclopentolate ® 0.5% eye drops, twice at 10-minute intervals one hour before the examination. The examination was performed by indirect binocular ophthalmoscope, Indirekte Ophthalmoskop Omega 180, Heine Optotechnik, Hersching, Germany and a 20 D lens. For a more detailed view of the peripheral segments of the retina scleral indentation was used. Eyelid separation was obtained by using blepharostat. The results were expressed in accordance with the International Classification of Retinopathy of Prematurity.
Statistical analysis of the data was performed using the Statistical Package for Social Sciences software -SPSS 21.
The numerical values were expressed as mean values and variability measurements (range, standard deviation) and the attributive features by frequencies and percentages. The comparison of the numerical values between the groups was done using t-test and the differences between the frequencies of attributive features by χ 2 test. The correlation between two features was determined by Pearson's correlation coefficient. Statistical significance was set at level p < 0.05.
The results are presented as tables and figures.
Results
The research included 87 preterm born babies (174 eyes): 43 (49.43%) boys and 44 (50.57%) girls. The mean gestational age at birth was 31.45 weeks, ranging from 24 to 36 weeks. Birth weight ranged from 1,190 grams to 3,620 grams, with the mean value 1,643.51 grams.
The results at 3 months
The incidence of ROP at 3 months was present in 60.92% of the infants and was identical in both eyes. In the right eye 41.5% infants with ROP had ROP 1, 9.4% ROP 2, 43.4% ROP 3, 1.9% ROP 4 and 3.8% ROP 5. In the left eye, the occurrence of specific ROP stages was: 41.5% with ROP 1, 9.4% with ROP 2, 45.3% with ROP 3, ROP 4 was found in none of the infants and ROP 5 was found in 3.8% babies ( Table 1) . The mean values of the axial length in patients with ROP were 16.56 mm (15. were not statistically significant in either the right (t = 1.360, p = 0.177) or the left eye (t = 1.852, p = 0.067) and the values of higher standard deviation point to the greater heterogeneity of the group with ROP ( Figure 3) .
The results at 12 months
At 12 months of age 62 (71.26%) babies had a normally developed blood network of the retina. The remaining 25 (28.74%) had a change in the ocular fundus as a result of cryopexy or retinal laser therapy due to ROP. The results were almost identical in both eyes. The axial length of the right (t = 2.329, p = 0.022) and the left eye (t = 2.087, p = 0.040) in the no ROP group was statistically significantly greater than in the group with ROP. The values of standard deviation of this parameter in both eyes were approximately the same in the group with ROP, while the standard deviation in the right eye in the other group was significantly higher, since the values of one child deviated considerably from the others, whose results were homogeneous. In the group The difference in the mean values of the anterior chamber depth was not statistically significant neither in the right (t = 1.048, p = 0.268), nor in the left eye (t = 1.408, p = 0.163) in both groups, with or without ROP. In the group without ROP the mean value of both eyes was 3.10 mm (right eye: 2.14 to 3.58 mm; SD = 0,34 mm; left eye: 2.26 to 3.81 mm; SD = 0.37 mm) and in the group with ROP the mean values were 3.01mm (2.15 to 3.77 mm; SD = 0.41 mm) and 2.99 mm (2.40 to 3.57 mm; SD = 0.34 mm) in the right and left eye, respectively. The differences in standard deviations were not statistically significant which pointed to close homogeneity of both groups regarding this parameter ( Figure 5 ). 
Discussion
The objective of this study was to examine the effect of retinopathy of prematurity on the growth and development of the eye. The study enrolled a similar number of boys and girls and therefore, the difference between the genders in the groups was of no statistical significance. The findings reported in the literature regarding the influence of gender on the biometric characteristics of the eye have been inconsistent thus far. Siegwart and Norton 16 claim that gender does affect the development of the eye. According to O'Brien and Clark 24 , and Laws et al. 25 the mean axial length of the eye and the rate of its growth are greater in male infants notwithstanding the correction of the birth weight, gestational age and head dimensions. On the other hand, Mutti et al. 18 reported that gender is not a factor affecting the development and change in refraction and eye growth. Similar results were obtained by Chen et al. 22 , who also consider the characteristics of the anterior segment of the eye in preterm infants to be independent of the gender.
Gestational age and birth weight are highly important parameters of the development and progression of ROP 23, 26 . Various screening criteria are found in the literature, but they are primarily related to these two characteristics. The differences between the criteria are also conditioned by the differences in the economic prosperity and investments into medical care, including neonatal, one as well as differences in the incidence of more severe forms of ROP 4, 8, 9, 11, [27] [28] [29] . The mean gestational age of our subjects was 31.45 weeks, while the mean birth weight was 1,643.51 grams.
The overall incidence of ROP in this sample was 60.92%, which is higher than the data reported in the literature. The incidence of ROP among preterm infants reported in the studies by Chen et al. 22 was 44%. The need for more frequent and long-term follow-up examinations due to the disorders of the retina may explain the obtained differences in incidence. Namely, the infants with normal findings in the first or second examination were not taken to the follow-up examination at 1 year of age, so they were not included in this study. The greatest majority of infants had ROP 1 (41.5% in both the right and the left eye) and ROP 3 (43.4% in the right and 45.3% in the left eye), while the incidence of ROP 2 was lower than ten percent in both eyes (9.4%). ROP 4 was only found in the right eye, in 1.9% cases and the incidence of ROP 5 was the same in both eyes (3.8%). Chen et al. 22 also report the incidence of specific stages of ROP in preterm infants, ROP 1 and 3 being of the highest incidence, then ROP 2 and the lowest incidence is found with ROP 4 and 5.
The mean axial length of the right and the left eye in infants without retinopathy (17.06 mm and 17.08 mm) was statistically significantly higher in comparison to these values in infants with retinopathy (16.56 mm and 16.53 mm). The values of the axial length of the eye in preterm children at birth 30 , as well as at 3 months, are lower compared to fullterm babies and this difference is particularly marked in the presence of ROP 23 . Fledelius and Fledelius 30 report about the values of this parameter in full-term infants at birth and preterm newborns at the full-term gestational age, pointing that they are similar in the two groups. They also state that visual and biometric parameters in preterm infants with milder forms of ROP and spontaneous regression are similar to those of preterm infants without ROP 30 . Full-term newborns have the mean axial length ranging from 16.6 mm to 17.6 mm, while the mean value in the preterm infants at 40 gestational weeks ranges from 16.6 mm to 17.16 mm 30 . According to the data reported by Pennie et al. 31 , at 3 months of age, the axial length in full-term infants is 17.99+/-0.67 mm, whereas Mutti et al. 18 report the mean value of 19.03+/-0.58 mm. Cook et al. 23 report the data on the values of the eye axial length of preterm infants at 3 months, giving a comparison to the findings of the fundus. Thus at 3 months infants without ROP have the approximate mean axial diameter of 18.6 mm and with ROP 18.5 mm. After this period the axial length of the eye increases, so that in full-term children at 9 months it is approximately 20.23+/-0.64 mm 18 but at 12 months approximately 19.71+/-0.87 mm 31 . However, very few studies report on the axial length values of prematurely born children at 1 year of age. Our study found a statistically significant difference in axial length values of both eyes in the groups of infants with and without ROP, such that in the case of normal development of retinal blood vessels the axial length of the eye was greater compared to the group of infants who had ROP at 3 months of age. In addition to this, the group without ROP was significantly more homogeneo- Since at both ages investigated the axial length in both eyes was statistically significantly smaller in infants with ROP, but also in preterm infants compared to full-term infants, it can be concluded that prematurity, as well as retina disorders related to premature birth, both affect the growth of the eye in total from birth to one year of age. Future research and analyses of older children are also necessary in order to determine the alteration of these values at later ages.
In our population studied, there was no statistically significant difference at 3 months of age between the anterior chamber depth in infants with and without ROP in the right (2.34 mm vs. 2.31 mm) or left eye (2.38 mm vs. 2.39 mm). However, the standard deviation of this parameter points to differences in the homogeneity between the two groups, which disappear at a later age. The depth of the anterior chamber in full-term children is approximately 2.38 mm to 2.90 mm, while in preterm infants at the time of full-term gestation this value ranges from approximately 2.25 mm to 2.44 mm, as reported by Fledelius and Fledelius 30 . The depth of the anterior chamber in full-term infants at 3 months is 2.76+/-0.27 mm 18 . Other authors also report lower values (2.24+/-0.31D) (31) . As reported in the studies by Anna Cook et al. 23 at 3 months of age the depth of the anterior chamber in preterm infants is smaller than in full-term infants, especially in the case of ROP. Its mean value in preterm infants without ROP is 2.8 mm and with ROP 2.7 mm at that age.
The mean value of the depth of the anterior chamber of both eyes was somewhat lower in children with ROP at 12 months but without any statistical significance in comparison to children without ROP. The depth of the anterior chamber was 3.01 mm in the right and 2.99 mm in the left eye in the group with ROP and 3.10 mm in both eyes in the group of children without ROP. The depth of the anterior chamber increases gradually in the first months after birth and its value in full-term children reaches 3.03+/-0.35 mm at 9 months 18 , but at 12 months of age the anterior chamber depth of fullterm children is around 2.8+/-0.26 mm 31 .
The mean lens thickness at the first examination of infants with ROP in our study was 4.04 mm and 3.96 mm and in infants without ROP it was 4.16 mm and 4.14 mm. This difference had no statistical significance and in addition, there was no statistical difference between the values of the right and the left eye. The homogeneity of the two groups studied increased between 3 and 12 months, especially in the group with ROP. The thickness of the lens of full-term infants at birth ranges from 3.40 mm to 3.96 mm, while in preterm infants this value ranges from 3.89 mm to 4.04 mm 30 . However, in contrast to the axial length and depth of the anterior chamber, the thickness of the lens in full-term children decreases 18 . At 3 months of age the reported thickness of the lens in full-term children is 3.92+/-0.17 mm 18 or 3.65+/-0.25 mm 31 , at 9 months it is 3.86+/-0.18 mm (19) and at 12 months approximately 3.65+/-0.14 mm 31 . As for preterm infants, Cook et al. 23 report that the mean value of lens thickness of premature infants without ROP is 4.0 mm and with ROP 3.96 mm at 3 months, which corresponds to the results of our study.
The mean values of the lens thickness of the right and the left eye in the group of children without ROP at 12 months were 4.37 mm and 4.36 mm and with ROP 4.28 mm and 4.29 mm. The values obtained bear no statistically significant difference between the patients with and without ROP. It is important to notice that, in contrast to full-term children, in preterm infants the thickness of the ocular lens increases during emmetropization, which also corresponds to the data reported in the literature 15, 22, 30, 32 .
Conclusion
At 3 and 12 months of age, the axial length of both eyes is significantly smaller in preterm infants who develop retinopathy of prematurity at the earliest age, than in those infants who do not. However, the depth of the anterior chamber and the lens thickness of both eyes are not statistically significantly different in the two groups of preterm born infants. We can conclude that during the first year of life retinopathy of prematurity significantly affects the growth of the eye on the whole, but not the growth of the components of its anterior segment compared to the other premature population.
